Diabetes is a major health problem, with over 7% of the U.S. population afflicted with the disease (1). Cardiovascular disease is the leading cause of mortality and morbidity in the diabetic population (2) . Diabetes not only imparts a greater risk of myocardial infarction (MI) but is also associated with a worse short-and long-term outcome after an MI (3, 4) .
Several encouraging pilot studies suggested earlier and improved myocardial reperfusion in patients presenting with MI treated with combined half-dose plasminogen activator and platelet glycoprotein (GP) IIb/IIIa antagonists (5, 6) . Diabetics have evidence of increased platelet reactivity (7) (8) (9) and appear to derive an enhanced benefit from GP IIb/IIIa platelet receptor antagonists (10 -12) . The Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) V was a large-scale randomized trial designed to detect a mortality difference between standard fibrinolytic therapy and the combination of reduced-dose fibrinolytic and abciximab in patients presenting with acute ST-segment elevation MI (13) . Combination therapy did not significantly reduce mortality in that trial, although rates of reinfarction and urgent revascularization were significantly diminished. The objective of our study was to determine if diabetic patients have a different pattern of benefit from combination therapy compared with nondiabetics. Furthermore, we compared the diabetic population enrolled in GUSTO V with those enrolled in the previous GUSTO I and GUSTO III trials to study the appropriate use of adjunctive therapies and outcome of diabetics over the last decade.
METHODS
The design and results of GUSTO V have been previously reported (13) . In the GUSTO V trial, 16,588 patients with ST-segment elevation MI were randomly assigned between July 1999 and February 2001 to receive reteplase (two 10-U boluses 30 min apart) or the combination of abciximab (infusion of 0.25 mg/kg bolus and 0.125 g/kg/min, [maximum of 10 g/min] infusion for 12 h) plus half-dose reteplase (two boluses of 5 U, 30 min apart). All patients were given aspirin. The participating investigator determined the use of all other adjunctive medications.
The primary end point of the GUSTO V study was all-cause mortality at 30 days. Reinfarction was defined by prolonged chest pain associated with new significant electrocardiographic (ECG) changes, an increase in cardiac enzyme concentration, or both. Recurrent ischemia was defined as symptoms lasting Ͼ5 min, ECG changes, and/or new hypotension, pulmonary edema or murmur, believed by the physician to represent myocardial ischemia without ECG, or enzymatic evidence of infarction. These and all other complications of acute MI were prospectively defined and recorded for all patients until day 7 or hospital discharge (whichever was earlier). Percutaneous revascularization was recorded as urgent if defined so by the investigator. Bleeding was classified as severe when associated with hemodynamic compromise, moderate when requiring transfusion without hemodynamic compromise, and mild without transfusion or hemodynamic compromise. Diabetes was defined on the basis of patient report.
The design and outcome of GUSTO I and GUSTO III trials have been previously described (14, 15) . The GUSTO I trial randomized 41,021 patients between December 1990 and February 1993 to four different thrombolytic strategies: streptokinase and subcutaneous heparin; streptokinase and intravenous (IV) heparin; accelerated tissue plasminogen activator (t-PA) and IV heparin; or a combination of streptokinase plus t-PA with IV heparin (14) . All patients received aspirin and beta-blockers (if not contraindicated), whereas use of other adjunctive medications was at the discretion of the treating physician. The GUSTO III trial randomized 15,059 patients between October 1995 and January 1997 with acute ST-elevation MI to accelerated t-PA or reteplase (15) . All patients received aspirin and IV heparin. Use of all other adjunctive medications was determined by the treating physician. To compare outcome and presentation across GUSTO I, GUSTO III, and GUSTO V trials, we included patients from the 11 countries that were common to the three trials (Australia, Belgium, Canada, France, Germany, United Kingdom, Netherlands, Poland, Spain, Switzerland, and the U.S.). Statistical analysis. Baseline characteristics were summarized by the use of frequencies and percentages for categorical factors and means and standard deviation for continuous factors. Differences in baseline characteristics were tested with Pearson chi-square tests for categorical factors and Wilcoxon rank-sum tests for continuous variables. Multivariable logistic models were used to estimate the adjusted odds of 30-day death for the diabetic population. Spline transformations were used for pulse rate and blood pressure and logarithmic transformation for time from symptom onset to study drug. The interactions between various variables were explored, and the significant interaction terms incorporated in the model. A value of p Ͻ 0.05 was used as the level for statistical significance. The SAS version 6.12 (SAS Inc., Cary, North Carolina) was used as the statistical software.
RESULTS

GUSTO V.
The GUSTO V trial enrolled 13,782 nondiabetics and 2,633 diabetics. The baseline characteristics of the diabetics and nondiabetics are shown in Table 1 . Diabetics tended to be older and included a greater percentage of women and minorities as compared with nondiabetics. They were more likely to have hypertension, hypercholesterolemia, peripheral vascular disease, and prior history of MI and coronary revascularization. They were less likely to have a family history of premature coronary artery disease or to be current smokers. Further, diabetics were more likely to present late after onset of symptoms, to have anterior MI, and to have a higher heart rate and a worse Killip class at presentation. The 30-day mortality was significantly higher in diabetics (Table 2) , and there was a trend toward a greater incidence of reinfarction. Diabetics had a significantly higher mortality at one year compared to nondiabetics (12.7% vs. 7.5%, p Ͻ 0.001). Table 3 describes the characteristics of the diabetic patients randomized to reteplase versus combination therapy. The groups were evenly matched, with a slightly greater mean age in the group randomized to combination therapy. In concordance with the overall cohort of the trial, there was 
Diabetes and Combination Therapy no difference in the 30-day or one-year mortality among diabetics randomized to the two arms of GUSTO V ( Fig.  1) . A significant decrease occurred in the number of patients developing reinfarction or recurrent ischemia (Table 4) and a trend toward a decrease in the need for urgent revascularization with the combination of abciximab and half-dose reteplase. Use of combination therapy was associated with a significant reduction in the composite of death, MI, recurrent angina, or ischemia and revascularization at seven days (odds ratio [OR] 0.83, 95% confidence interval [CI] 0.71 to 0.97, p ϭ 0.021) and the composite of MI, recurrent angina or ischemia and revascularization at seven days (OR 0.81, 95% CI 0.69 to 0.95, p ϭ 0.008). Furthermore, patients randomized to the combination therapy were overall less likely to develop complications of MI (Table 4 ). Although no difference was seen in the incidence of mechanical complications or heart failure, ventricular tachyarrhythmias were less likely in patients receiving the combination therapy. And even though combination therapy was associated with excess risk of bleeding, no increases in intracranial bleeding rate or blood transfusion occurred with this regimen. Table 5 depicts the major predictors of 30-day mortality in diabetics. The model had a c statistic of 0.83, suggesting good discrimination. Four easily identifiable variables (age, heart rate, systolic blood pressure, and Killip class) provide almost 85% of the prognostic information with respect to hazard of 30-day mortality.
Compared with nondiabetics, the diabetics enrolled in GUSTO V were more likely to receive angiotensinconverting enzyme (ACE) inhibitors (67.3% vs. 56.5%, p Ͻ 0.001), calcium channel blockers (11.6% vs. 9.1%, p ϭ 0.001), digoxin (7.9% vs. 5.1%, p ϭ 0.001), inotropic agents (9.9% vs. 7.6%, p ϭ 0.001), and nitrates (75.3% vs. 71.6%, p ϭ 0.001). They were less likely to receive aspirin (93.2% vs. 94.9%, p ϭ 0.002); little difference was noted in the use of beta-blockers (83.5% vs. 84.9%, p ϭ 0.116). Diabetics in GUSTO I, GUSTO III, and GUSTO V. To compare outcome and adjunctive medication use among diabetics over the last decade, we compared 5,376 diabetics in GUSTO I, 1,886 in GUSTO III, and 1,938 in GUSTO V enrolled in the 11 common countries. There was a trend toward an improvement in survival across the Abbreviations as in Table 1 .
last decade (Table 6 ) although no improvement in survival of patients presenting in Killip class 3 and class 4 was noted. Furthermore, there was a greater utilization of appropriate adjunctive therapies in these patients, as seen in the increased use of beta-blockers and ACE inhibitors.
DISCUSSION
Data from the three GUSTO trials corroborate and extend previous evidence that, compared to nondiabetics, diabetics have worse outcome after MI. The large number of diabetics enrolled in GUSTO V provide a unique opportunity to study the impact of this disease on the morbidity and mortality associated with MI. Compared to nondiabetics, diabetics continue to present with a higher Killip class and have a worse outcome with MI. Although combination therapy did not provide a survival benefit, it was associated with a reduction in the incidences of reinfarction, recurrent ischemia, and urgent revascularization. Diabetes is a rapidly growing health problem, with approximately 4% of adults being diabetics worldwide (16) . The epidemic appears to be accelerating, with a projected 300 million diabetics by the year 2025 (16) . Cardiovascular disease is a major cause of mortality and morbidity in diabetics, and multiple studies have suggested a markedly Figure 1 . Outcome of diabetics with myocardial infarction randomized to standard versus combination therapy. CABG ϭ coronary artery bypass grafting; CI ϭ confidence interval; PCI ϭ percutaneous coronary intervention. Abbreviations as in Table 1 .
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Diabetes and Combination Therapy worse outcome in diabetics presenting with ST-segment elevation or non-ST-segment elevation MI (3, 4) . Recent evidence points to emergence of platelets as key mediators in acute coronary syndromes (17) . Diabetics have evidence of increased platelet activation (7), adhesiveness and aggregability (8) , and greater expression of platelet GP IIb/IIIa, thrombospondin, and P selectin (9) . Based on these lines of evidence, potent platelet inhibition may be of particular benefit in diabetic patients presenting with acute coronary syndromes. While all subjects appeared to benefit from peri-procedural abciximab, the diabetic substudy of Evaluation of platelet IIb/IIIa inhibitor for stenting trial (EPISTENT) suggested an enhanced outcome in diabetics randomized to abciximab (11) . Combined analysis from three major percutaneous coronary intervention (PCI) trials suggested a marked one-year mortality benefit of abciximab in diabetics undergoing PCI (12) . Similar enhanced benefits of tirofiban in diabetics have been reported in the setting of acute coronary syndromes (18). Roffi et al. (10) performed a meta-analysis of all major trials of platelet GP IIb/IIIa inhibitors in non-ST-segment elevation acute coronary syndrome and described a reduction in 30-day mortality in diabetics from 4.0% to 1.2% (p ϭ 0.002). This improved outcome in diabetics in PCI and acute coronary syndromes raises the question of possible enhanced benefit for diabetics in the setting of ST-segment elevation MI as well.
The randomized design and the large number of diabetic patients enrolled in GUSTO V provided an almost matched population in the two arms. In parallel with the main trial, no significant mortality difference was noted between patients treated with reteplase or combination therapy. However, the consistent reductions in reinfarction, recurrent ischemia, urgent revascularization, and malignant ventricular arrhythmias as seen in the main trial suggest additional benefits of enhanced platelet suppression achieved using combination therapy. Fibrinolytic agents lyse fibrinthrombin clot and release free thrombin, which is a potent stimulator of platelet aggregation (19) . Combination therapy would hence be expected to specifically impact on the platelet-mediated recurrent ischemic events and distal embolization. Indeed, the current data support the previously described reduction in clinical events and improved tissue level perfusion with combination therapy (5, 20) . These improvements in key complications of MI are at the cost of an increase in mild and moderate bleeding. However, the need for transfusions or the incidence of intracranial hemorrhage was not higher in the combination arm, hence suggesting an acceptable safety profile.
These findings are in contrast to those from the Assessment of the Safety and Efficacy of a New Thrombolytic Regimen (ASSENT)-III study (21) , which suggested a worse outcome among diabetic patients receiving half-dose tenecteplase and abciximab combination therapy compared to those receiving tenecteplase and heparin. These results from ASSENT-III are probably a reflection of the small number of diabetics in that study (355 in the combination therapy arm versus 363 in the unfractionated heparin plus tenecteplase arm and 380 in the enoxaparin plus tenecteplase arm) and may exemplify a type I statistical error. Alternatively, these differences may relate to the different agents used or differences in the patients enrolled and are best delineated in an adequately powered prospective study.
Previous experience with abciximab in the setting of primary PCI for ST-segment elevation MI has been even more encouraging. The small number (53) of diabetics enrolled in the Abciximab before Direct Angioplasty and Stenting in Myocardial Infarction Regarding Acute and Long-Term Follow-up (ADMIRAL) trial who received abciximab in the setting of stenting for ST-segment elevation MI had a significant reduction in the six-month mortality rate as compared with those randomized to placebo (0% vs. 16.7%, p ϭ 0.02) (22) . Further, a significant reduction occurred in the composite of death, reinfarction, or any revascularization. Reminiscent of the data in acute coronary syndrome, the benefit of abciximab appeared to be enhanced in diabetics compared to nondiabetics. The lack of similar findings in GUSTO V may suggest vital difference in the role of abciximab in the setting of two differing strategies of reperfusion. Whereas more evidence supports the efficacy of such therapy in primary PCI, the lack of mortality benefit with combination therapy makes its routine use less compelling and suggests a need for further research to clarify its role in clinical practice.
Compared with the GUSTO I and GUSTO III trials, GUSTO V was marked by an improvement in 30-day survival after MI. This improvement was seen in both diabetics and nondiabetics and may represent temporal trends in improved therapy or differences in type of enrolled patients. A comparison of diabetics and nondiabetics suggests a worse outcome in diabetics in concordance with previous work. The key predictive variables of outcome in diabetics were similar to those in the nondiabetic population. Heart rate and blood pressure retained a major predictive role in this population despite the theoretical concerns of dysautonomia.
Concern has been raised that diabetics are less likely to receive appropriate adjunct therapy following an MI. Using the Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) Augsburg registry, Lowel and colleagues (23) found marked underutilization of beta-blockers during hospitalization and at discharge in diabetics. McGuire et al. (3) also described a lower use of betablockers (68.4% vs. 72.4%, p ϭ 0.001) in diabetics compared with nondiabetics in the GUSTO-IIb study. Concerns about masking of hypoglycemia in diabetics may have been responsible in part for the underutilization of such proven therapy. In GUSTO V, diabetics and nondiabetics were equally likely to receive beta-blockers, whereas diabetics were actually more likely to receive angiotensinconverting enzyme (ACE) inhibitors, calcium channel blockers, and digoxin. This may reflect the increased awareness of benefits of ACE inhibitors in diabetics and the increased prevalence of hypertension and congestive heart failure in this group. A comparison across GUSTO I, GUSTO III, and GUSTO V shows an appropriate increase in use of beta-blockers and ACE inhibitors in diabetics. The use of aspirin decreased somewhat and could not be accounted for by increased bleeding complications, randomization arm, or use of adenosine diphosphate antagonists, the latter being used in only a small minority of aspirin nonusers (data not shown). This increased utilization of the appropriate and proven therapies may directly contribute to or may be a marker of better overall care, which in turn 
